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Abstract 
Objective: To determine the in vitro antibacterial effect of different concentrations of the ethanol extract of 
Plantago major (plantain) on Porphyromonas gingivalis and Fusobacterium nucleatum. Material and Methods: 
Bacterial susceptibility tests were used in conjunction with the agar diffusion test and the minimum 
inhibitory concentration (MIC) test using the broth macrodilution technique. Results: Different 
concentrations of ethanol extract (25%, 50%, 75% and 100%) dissolved in 70% ethanol were used, with a 
positive control (0.12% chlorhexidine + 0.05% cetyl-pyridinium chloride) and a negative control (70% 
alcohol). The extracts at 75% and 100% showed inhibition halos against both strains studied. With 0.12% 
chlorhexidine + 0.05% cetyl-pyridinium chloride, inhibition halos averaged 14.9 mm, in contrast to 70° 
alcohol, where no bacterial inhibition was observed. The MIC was 50% for both species. Conclusion: The 
ethanol extract of Plantago major presents an in vitro antibacterial effect on Porphyromonas gingivalis, they 
may have potential applications in food and pharmaceutical products. 
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Introduction 
Periodontal disease is an inflammatory, infectious and multifactorial disease in which the normal 
balance between the microbial biofilm and host response is altered [1,2]. Among periodontal diseases, 
periodontitis deserves special attention because it includes all the processes that compromise the structure of 
supporting tissue and thus considered one of the main causes of tooth loss in adults [3-5] and is categorized by 
the World Health Organization as the eleventh most prevalent disease in the world [6]. 
Two of the most important periodontal pathogens, for their high virulence and association with onset, 
progression and severity of disease, are Fusobacterium nucleatum and Porphyromonas gingivalis [7-11]. 
These species present several virulence factors: a capsule made of polysaccharides, important for evading the 
immune system; an endotoxin in their outer membrane, which participates in interrupting the immune 
homeostasis of the host, causing inflammation and destruction of the connective tissue and reabsorption of the 
alveolar bone; and external membrane vesicles, with internal enzymes that damage periodontal cells and 
neutrophils [12-14]. In fact, the aetiology of periodontal diseases is currently conceived as a dysbiosis between 
bacteria present in dental biofilms and the response of the host against this bacterial threat, which is 
responsible for the clinical expression of gingivitis or periodontitis [11,14,15]. 
For these reasons, dental care is a component of great importance in the treatment of periodontitis, 
with the removal of bacterial biofilm being essential for remission of this disease [9,16], with certain local 
agents that act as adjuvants of periodontal therapy, such as chlorhexidine, currently considered the gold 
standard. However, reports of its adverse effects [16-20] have redirected research to the discovery of new 
agents, emphasizing natural agents because they have fewer side effects [21]. 
One of these agents is Plantago major, commonly known as “greater plantain”, "common plantain" or 
"broadleaf plantain”; it is a perennial herbaceous plant with unbranched underground stems and is widely 
marketed for its anti-inflammatory, antibacterial, astringent, antihemorrhagic and wound healing properties 
[22-24]. Plantago major belongs to the family Plantaginaceae. Originally from Europe and Asia, it is 
distributed throughout most of Europe, North Africa, Western Asia, North America and Latin America. It 
grows in temperate and cold climates, is easy to find, is not cultivated and is considered a weed. Its height 
varies between 15 and 30 cm, its life cycle is between 6 and 7 months, and its flowering occurs between May 
and October [22-24]. It has several active ingredients, such as mucilage, pectin, flavonoids, tannins, an iridoid 
chromogenic glycoside called aucubin, catalpol, acteroside, plantamajoside, baicalein, allantoin, hispidulin, 
ursolic acid and oleanolic acid, salicylic acid, and mineral salts of potassium and zinc [24,25]. 
Previous authors showed that the antimicrobial properties of Plantago major against Staphylococcus 
aureus [26], Helicobacter pylori [27], and antibacterial activity against Streptococcus mutans, Lactobacillus 
acidophilus, Actinomyces viscosus, Prevotella melaninogenicus and Fusobacterium nucleatum [28]; likewise, another 
research also established the antibacterial effect of Plantago major against Fusobacterium nucleatum [29]. 
Furthermore, some authors demonstrated the synergistic inhibitory effect of chamomile extract (Matricaria 
chamomilla) and plantain extract (Plantago major l.) on P. gingivalis [30]. 
There are multiple benefits of Plantago major; however, there have not been many studies reporting its 
antibacterial effect against Porphyromonas gingivalis, which motivated the present study, the objective of which 
was to determine the in vitro antibacterial effect of different concentrations of the ethanol extract of Plantago 
major (plantain) on Porphyromonas gingivalis and Fusobacterium nucleatum. 
 
Material and Methods 
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Protocol for Obtaining the Extract 
Three kilogrammes of fresh Plantago major leaves (Figures 1A and 1B) were collected from the village 
of Huacariz, district of Cajamarca, at 2750 meters above sea level. A specimen of the plant was taken to 
Herbarium Truxillensis of the National University of Trujillo for taxonomic identification and verification. 
The rest of the plant material was transported to the Pharmacognosy Laboratory of the same university, where 
leaves that were in good condition were selected. Then, the plant material was washed with distilled water, 
followed by disinfection with 0.5% sodium hypochlorite. 
Subsequently, the leaves were rinsed with sterile distilled water to remove the hypochlorite residue 
and then placed on Kraft paper and dried in a forced-air circulation oven at 40°C. After the leaves were dried, 
they were ground with a mortar and pestle until a coarse powder was obtained and then passed through a set 
of sieves to homogenize the particle size (Figures 1C and 1D). For the preparation of the ethanol extract, 100 g 
of dried, pulverized and sieved leaves was placed in a 2-litre glass flask, and then 500 mL of 70° ethanol was 
added, thoroughly mixed and refluxed for 4 hours. After this time, the ethanol extract was vacuum-filtered 
through Whatman filter paper No. 1. Subsequently, the ethanol extract was concentrated in a rotavapor until a 
soft extract was obtained (Figure 1E). Then, the extract was dried in a forced-air circulation oven at 40 ºC 
until dry extract was obtained. From the dry extract, 25% (250 mg/mL), 50% (500 mg/mL), 75% (750 
mg/mL) and 100% (1000 mg/mL) extract samples dissolved in 70% ethanol were prepared. Finally, the 
ethanol extracts were stored in amber-coloured glass bottles and refrigerated at 4 to 8°C until further use 
(Figures 1G and 1H). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Extract preparation: A. Plantago major ; B. Dried in a forced-air circulation; C. Ground with 
a mortar and pestle; D. Homogenized particle size; E. 70° Ethanol added; F. Soft extract by rotavapor; 
G. and H. Extract samples. 
 
Obtaining the Strains 
The strains Porphyromonas gingivalis (ATCC 33277) and Fusobacterium nucleatum (ATCC 10953) were 
obtained from the Belomed Laboratory of the city of Lima, Peru, which were imported from the Thermo Fisher 
Scientific Inc. (Waltham, Massachusetts, USA). 
 
Preparation of Culture Media and Bacterial Strains 
Preparation of Brain Heart Infusion (BHI) Broth 
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The BHI broth was prepared from dehydrated commercial medium following the manufacturer's 
instructions. A total of 2.8 mL was poured into 15 x 100 mm test tubes. Immediately after autoclaving at 
121°C at 15 pounds of pressure, the medium cooled for 15 minutes. 
 
Preparation of Enriched Schaedler Agar 
Schaedler agar enriched from dehydrated commercial medium was prepared following the 
manufacturer's instructions. Immediately after autoclaving (121°C, 15 pounds of pressure, for 15 minutes), the 
agar cooled in a water bath at 45-50°C. Sterile defibrinated sheep blood was added in a proportion of 5% + 0.1 
mL of vitamin K1. The fresh and warm preparation was poured into a level flat-bottomed glass Petri dish to 
provide a uniform bottom approximately 4 mm thick; this corresponded to 25-30 mL per 100 mm-diameter 
Petri dish. The agar medium was cooled to room temperature. A representative sample of each lot of plates was 
examined for sterilization by incubation at 36 ± 1ºC for 24 hours or more. The pH was checked when the 
medium was prepared. The agar presented a pH of 7.2 after gelling at room temperature. 
 
Reactivation of Strains 
Lyophilized strains were rehydrated by breaking the ampoule contained in the original rubber tube. 
The strains were incubated for 15 minutes at 36°C + 1°C and then seeded using the streak-plating method on 
Schaedler agar enriched with defibrinated sheep blood (5%) + vitamin K1 and incubated under anaerobic 
conditions (Gas Pak jar) at 36°C + 1°C for 7 days (Figure 2A). 
 
Creation of an Anaerobic Environment 
An anaerobic environment, created by an anaerobiosis generator (AnaeroGen, Thermo Fisher 
Scientific Inc., Waltham, Massachusetts, USA) was placed inside the Gas Pak jar and closed tightly, achieving 
an anaerobic environment after 30 minutes. 
 
In Vitro Susceptibility to Antibacterials 
Standardization of the Inoculum 
For P. gingivalis, 3 to 5 colonies were selected and suspended in 4 mL of BHI broth and then incubated 
between 2 to 5 hours, obtaining a final turbidity of 0.5 on the McFarland scale (Figure 2B). For F. nucleatum, 
soy trypticase agar supplemented with 5% sheep blood, hemin (5 mg/L) and menadione (1 mg/L) were used 
for 24 hours to verify sterility. The two bacteria were cultured under anaerobic conditions (10% H2, 10% CO2 
and N2 in equilibrium) at 37ºC for 24 hours and then brought to 0.5 on the McFarland scale (Figure 2C). 
 
Preparation and Impregnation of the Discs 
Twenty microlitres of these preparations or concentrations was added to Whatman No. 3 filter paper 
discs (Oxford; 6 mm in diameter) with the aid of a micropipette (Boeco Germany, Hamburg, Germany), 
allowing them to rest for 10 minutes until the preparation was completely absorbed. 
 
Evaluation of Antibacterial Activity 
Disc Diffusion Test in Agar 
The Kirby-Bauer-based antibiogram method is recommended by CLSI for the determination of 
bacterial sensitivity to antibacterial agents [31]. In a period of 15 minutes after adjusting the turbidity of the 
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inoculum suspension of each previously standardized strain, a sterile Dacron swab was immersed and rotated 
several times and pressed firmly against the inner wall of the tube above the liquid level, thereby removing the 
excess inoculum. The surface of the Petri dishes containing enriched Schaedler agar (4 mm thick) were 
inoculated by swabbing the entire surface in three different directions, rotating the plate approximately 60° 
each time. Then, the swab was passed over the edges of the agar. This was performed for 12 repetitions. 
Immediately afterwards, discs previously impregnated with the study solutions (25%; 50%; 75% and 100%) of 
the ethanol extract of P. major were placed, including one disc containing 0.12% chlorhexidine gluconate + 
0.05% cetyl-pyridinium chloride (positive control) and another containing 70° ethyl alcohol (negative control), 
with all solutions distributed equidistantly on the agar. The plates were placed inverted into an anaerobic 
environment (Gas Pak jar) and incubated (Memmert GmbH + Co. KG, Schwabach, Germany) at 35°C for 7 
days (Figure 2D). 
 
 
 
 
 
 
 
 
Figure 2. A. Gas Pak jar; B. Plantago major  / P. gingivalis strains; C. F. nucleatum strains; D. Disc 
diffusion test in agar. 
 
Minimal Inhibitory Concentration (MIC) Test 
According to document M11 of the CLSI, which describes the specific standards for analysing 
anaerobes, MIC macrodilution in broth was used. a) The inoculum was prepared following the same guidelines 
as previously described. b) For the evaluation of antibacterial activity, a total of 13 sterile test tubes (13 x 100 
mm) were prepared for each strain. To determine the MIC, several dilutions of the ethanol extract were 
performed (25%, 30%, 35%, 40%, 45%, 50%, 55%, 75% and 100%). To each of the test tubes (labelled 1-9), 800 
µL of pure bacteria culture + 200 µL of the ethanol extract of P. major were added according to the respective 
concentration (experimental group). To tube No. 10 was added 800 µL of pure bacteria culture + 200 µL of 
0.12% chlorhexidine gluconate (positive control), to tube No. 11 was added 800 µL of pure strain culture + 200 
µL of 70° alcohol (negative control), to tube No. 12 was added 1000 µL of culture medium (sterility control) 
and to tube No. 13 was added 800 µL of sterile culture broth + 200 µL of pure strain culture (Bacterial growth 
control). The entire procedure included 12 repetitions. Then, all test tubes were placed under anaerobic 
conditions (Gas Pak jar) and incubated (Memmert GmbH + Co. KG, Schwabach, Germany) at 35 °C for 7 days. 
 
Reading and Interpretation 
Bacterial growth was observed in each of the tubes, and the minimum concentration of the extract 
capable of inhibiting this growth was determined. Growth was considered present when the broth was cloudy 
and absent when the broth remained clear. 
 
Measurement and Data Collection 
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For the bacterial susceptibility test, a PCE Vernier calliper was used to measure the diameter of the 
bacterial inhibition halos. For the MIC, turbidity was visually inspected by holding the tubes against a white 
background with horizontal black lines for contrast. The data were recorded in a data collection form. 
 
Statistical Analysis 
IBM SPSS Statistics for Windows Software, version 22 (IBM Corp., Armonk, NY, USA) was used. 
One-way frequency tables were constructed with their absolute values. The mean and standard deviation were 
calculated with their corresponding graphs. To determine the antibacterial effect of P. major on both strains, 
analysis of variance corresponding to a completely randomized design was performed. Then, Duncan's multiple 
range test and Tukey’s test were applied, with a significance level of 5% (p ≤ 0.05). 
 
Results 
The ethanol extract of Plantago major at 25% presented an average halo inhibition diameter of 0.0 mm 
against P. gingivalis and F. nucleatum; at 50%, the average halo inhibition diameter was 1.7 mm and 0.0 mm, 
respectively, at 75%, the average halo inhibition diameter was 5.2 mm and 0.0 mm, respectively, and at 100%, 
the average halo inhibition diameter was 6.2 mm and 0.0 mm, respectively, indicating that the bacterial 
sensitivity was zero at 25% and 50%, with the resistance breakpoint at 75% and 100%. Regarding the positive 
control, a mean inhibition halo of 14.9 mm was observed; both strains were extremely sensitive to this product, 
in contrast to the negative control, for which the sensitivity was zero (Table 1). 
 
Table 1. Average size of inhibition halos (in mm) according to study group. 
 P. gingivalis  F. nucleatum 
Study Group N Mean N Mean SD 
Ethanol extract of Plantago major 25% 12 0.0 12 0.0 0.10 
Ethanol extract of Plantago major 50% 12 1.7 12 0.0 0.69 
Ethanol extract of Plantago major 75% 12 5.2 12 0.0 0.74 
Ethanol extract of Plantago major 100% 12 6.2 12 0.0 0.93 
Positive Control 12 14.9 12 14.9 0.30 
Negative Control 12 6 12 6 0 
Positive Control: 0.12% Chlorhexidine + 0.05% Cetyl-pyridinium Chloride; Negative Control: Alcohol 70%. 
 
Tukey’s multiple comparisons test showed a statistically significant difference between all groups, 
except between the 25% ethanol extract of P. major and that of 70° alcohol (Table 2). 
 
Table 2. Multiple comparisons tests. 
Study Group 25% 50% 75% 100% PC NC 
Ethanol extract of Plantago major 25% — 0.007 0.000 0.000 0.000 1.000 
Ethanol extract of Plantago major 50% 0.007 — 0.000 0.000 0.000 0.005 
Ethanol extract of Plantago major 75% 0.000 0.000 — 0.000 0.000 0.000 
Ethanol extract of Plantago major 100% 0.000 0.000 0.000 — 0.000 0.000 
Positive Control 0.000 0.000 0.000 0.000 — 0.000 
Negative Control 1.000 0.005 0.000 0.000 0.000 — 
Tukey’s test; Positive Control: 0.12% Chlorhexidine + 0.05% Cetyl-pyridinium Chloride; Negative Control: Alcohol 70%. 
 
In reference to the MIC, the results were similar for both species. Of the 12 test tubes with 50% 
ethanol extract, ten (83%) did not show bacterial growth; likewise, no growth was evidenced in any of the 
tubes with higher concentrations of extract, with the MIC corresponding to 50% (Table 3). 
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Table 3. Minimum inhibitory concentration of the ethanol extract of Plantago 
major  (plantain) against Porphyromonas gingivalis .  
Concentration of the Ethanol Extract N %Growth 
25% 12 100 
30% 12 100 
35% 12 100 
40% 12 100 
45% 12 100 
50% 2 17 
75% 0 0 
100% 0 0 
Positive Control 0 0 
Negative Control 0 0 
Control for Sterility 0 0 
Control for Culture Purity 12 100 
Positive Control: 0.12% Chlorhexidine + 0.05% Cetyl-pyridinium Chloride; Negative Control: Alcohol 70%. 
 
Table 4. Phytochemical composition of Plantago major .  
Phytochemical Composition Chemical Reagent Outcomes 
Catechins Na2CO3 + Luz UV - 
Lactones Baljet - 
Triterpenes and Steroids Liebermann - Burchard + 
Quinones Bornträger - 
Cardiotonic Glycosides Kedde - 
Phenolic Compounds Cloruro Férrico +++ 
Flavonoids Shinoda ++ 
Anthocyanidin Antocianidina + 
Coumarins Luz UV + 
Saponins Espuma + 
Alkaloids Dragendorff + 
 Mayer + 
 Wagner + 
Tannins Gelatina + 
Positive Outcomes: +; Negatives Outcomes: –; Intensity: +Low; ++Moderate; +++High. 
 
Discussion 
The increasing number of cases of periodontal disease and the current trend towards the use of natural 
products as treatment for various conditions have increasingly centred on finding new natural phytotherapy-
based therapeutic alternatives to supplement treatment of this pathology. 
One of these resources is Plantago major, commonly known as plantain, whose medicinal properties 
have been widely studied in various research studies, with little known about its antibacterial activity against 
Porphyromonas gingivalis and Fusobacterium nucleatum. 
According to the halo measurements, the bacterial susceptibility test showed inhibition for all 
concentrations of Plantago major extract. There was a statistically significant difference between all groups, 
with greater inhibition at higher concentrations. However, based on Duraffourd’s scale, only 75% and 100% 
exhibited sensitivity according to the inhibition halo breakpoints against both strains studied, demonstrating 
the antibacterial effect of Plantago major against P. gingivalis. 
These results were similar to those described by other authors [30], who used the pure extract, 
finding a breakpoint with an average inhibition halo diameter of 12.47 mm against the same bacteria. However, 
in both studies, the diameters were smaller than those obtained with the respective positive controls; in our 
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study, the inhibition halo diameter was 24.9 mm with 0.12% chlorhexidine + 0.05% cetyl-pyridinium chloride 
(Perio·Aid® 0.12 Intensive Care), and, according to previous findings, the diameter was 17.5 mm with 0.12% 
chlorhexidine only [30], suggesting that the combination of both products triggers the antibacterial effect of 
chlorhexidine, which continues to be the gold standard. However, the active principles of Plantago major 
deserve special attention as they explain the antibacterial behaviour of this product, considering, furthermore, 
that the presence of 70% alcohol as a dilution medium of the pure extract did not trigger its antibacterial 
activity, as evidenced in the sensitivity test when contrasting with the negative control, for which the same 
substance was used and there was 0 mm of bacterial inhibition. 
Among the active principles in Plantago major are mucilages, pectins, flavonoids, tannins, and 
glycosides such as aucubin and catalpol, both in the leaves, flowers and stems. Aucubigenin, derived from 
aucubin, is an active principle of greater relevance because in its process of catabolism, by hydrolysis, it forms a 
dialdehyde that acts as a bactericide, denaturing the proteins of certain microorganisms. It also has various 
flavonoids, of which acteoside and plantamajoside have antibacterial properties. Despite knowledge of the 
different active principles of Plantago major, a more detailed and individual analysis is required to determine the 
main metabolite that confers the antibacterial property against both strains in the present study, which would 
guide future research. 
In determining the MIC, it was found that at 50%, 83% of the test tubes did not exhibit bacterial 
growth; likewise, there was no evidence of growth in any of the tubes with higher concentrations of extract; 
therefore, the MIC corresponded to 50%. The method used was broth microdilution. 
This method is one of the most used and practical. In our study, one limitation was that the ethanol 
extract of Plantago major was greenish, i.e., the characteristic colour of the leaves of the plant; therefore, 
determining turbidity was more complicated. However, the use of a white background with horizontal black 
contrasting lines facilitated visual inspection. In addition, no bacterial growth was observed in the negative 
control with 70% alcohol, showing even greater clarity compared to the positive control with 0.12% 
chlorhexidine plus 0.05% cetyl-pyridinium chloride, maintaining this result in all replicates because 70% 
alcohol could show better antibacterial behaviour in a liquid dilution medium. 
The results obtained in the present study demonstrate the antibacterial properties of Plantago major at 
high concentrations against P. gingivalis; however, they encourage further research on the medicinal properties 
as well as the possible toxicity of Plantago major in order to be used in clinical trials, in the future, in different 
presentations, such as coadjuvant therapy for periodontal treatment. 
 
Conclusion 
The ethanol extract of Plantago major (plantain) had an in vitro antibacterial effect against P. 
gingivalis, with a sensitivity of 75% and 100% and a MIC at 50%. 
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